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Planetary Missions, Mars is busy!...- © *"* 
~ “PE @ Mars Odyssey Mars =m ee, ' 
“4 > a, sixpress “Sq MSIE"Mars 
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GY Ske essa ee 7 _ a 
pacecraft-land-on-mars-video.html 


http://www.space.com/16874-where-did-nasa-s 


FeTahVAam nat: Tah"ace) tal=) mx exeye)| missions... 


Just a few to 
mention. m 


Cassini 
Saturn orbit, last year of operation 


James Webb Telescope 
Launch in 2018 


Arriving at Jupit 


Mlerate 
uly 2016 


mleleje)(s) 


Still researching origins of 
the universe 


Eyes on the Solar System 
http://eyes.nasa.gov 


Kepler 
imatelalc]m@relelall 
Confirmed Planets: 977 
malclars)m Ors lale|(efelistsee mreL- | 


AV(o)7-Te(=1am 
Has left the building... 
Traveling interstellar soace 
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New Horizons @ Pluto! Boats ; ea) 


¢ New from NASA's New Horizons: Increasing Variety on Plut 
PAN 0) o)gey-lela Mm (-vatl icy o)alcl e-em: lace Wr: lm OY-10 @ cel (- Mme) am Oral: laelal 


NASA's New Horizons spacecraft passed Pluto in July 2015 
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Dawn Spacecraft@ Ceres - 


DEM 7s icmee)alaialeljalemeomelanyci| mre 
discovered 


Dawn 
spacecraft has 
continues to 
investigate 
bright spots on 
the surface of 
Creres 


e ee ~~ A pyramid-like peak jutting out 
asapeamalin of the frigid world’s surface was 
discovered in 2015 


Juno — Jupiter rendezvous 


Juno is a NASA New Frontiers 
mission currently en route to the 
planet Jupiter 

— Planned arrival July 4" 2016 


The spacecraft is to be placed in a 
polar orbit to study Jupiter's 

(ofo) na] oless}itle) Ammer ec \IAVail=)(0 mm ants lelalciile 
1it=)(o murs late ole) t-lampat-lelalsicess)e)alcia> 


Juno will also search for clues 
Feleyol0 im ale mialom e)r-lalsimceenal-lep 
including whether it has a rocky 
core, the amount of water present 
within the deep atmosphere, how 
its mass is distributed, and its deep 
winds (~400 mph) 
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_ Ganymede 


Callisto 


Jupiter 


ae 
Europa 
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EFT-1 = Exploration Flight Test -1 Complete! | 
¢ 15! mission (unmanned) for Orion (MPCV) 


¢ Tested heat shield at high entry velocity _— 
¢ Used Delta IV Heavy rocket 


t. 


a uamaes ENPLORA TION FLIGHT TEST 


TWO ORBITS * 20,000 MPH 


(era) FELL 
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LAUNCH CONFIGURATION 


Upper Stage 
Engine Burns 


MPCV — Multi-Purpose Crew Vehicle “Orion” Pe Bs 


¢ Second test flight in 2018 (SLS) 
¢ First Manned Mission 2021 (SLS) 


NASA Heavy Lift Vehicle - SLS 


¢ SLS — Space Launch System 
— Estimated 80-120 metric tons capacity 
sein fs)mt-l0lacevals e)i-lalalsvem ie) ar4en WA 


¢ 5 Segment Solid rocket test this week 


Cargo and Crew Vehicle 
SLS Vehicle Configurations 
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Commercial Crew for LEO (Low Earth Orbit) 1s bs 


a OFo) 00] eyelalists 
1. SpaceX Dragon 2 
2. Boeing Starliner 
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Boeing CST-100 Starliner 


SpaceX Dragon Capsule 


Falcon 9 Rocket 
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NASA Journey toMars = cae ee ek me 


JOURNEY 10 MARKO 


INTERNATIONAL 
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So, What is the Exploration plan? 

om DY=\V/=)(0) omy ice) ale mexe)anlanl=) 401-1 ml =O) 
presence 

¢ Build the exploration vehicles for 
(0 [=1-) oes) oy-(exo nal istyle) als 

am DI=\V7=\[o) om iaremi=teralate)ieye|(ossamle) 
support these deep space 
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a T=) iTal=mal=m ey-team COM \teles 


Deep Space Habitat 
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Timing for all of these... 


Global Exploration Roadmap ai’ ecnes @ & G@esa ... Ya c/n & @ 
2013 2020 2030 


International Space Station 


Zt General Research and Exploration 
Preparatory Activities 


Note: ISS partner agencies have agreed to use the ISS until at bast 2020. 


Commercial or Government Low-Earth Orbit Platforms and Missions 


Robotic Missions to Discover and Prepare 
~~ > > ~ > > > > > 
= = , od oa Pa ea 
Luna-25 | Lunt-26 Luna 27 RESOLVE §=SELEME-2 luna 28/29 4 ©‘SELENE-3 
Chandrayaan-2 


‘ 
Henyatoussa? 


Multiple Locations 
. 


in the Lunar Vicinity 


Timing for all of these... 


ISECG Mission Scenario on 


2020 
Low-Earth Orbit 
it international Space Station 

eS Oe ee ee ee ee ee © Robotic Mission 
i Commercial or Government-Owned Platforms A Human Mission 
Beyond Low-Earth Orbit @ C2100 Missi 

0 on 
Test Missions /\ /\ A 


Cr re 2 hoon tects i: 


(Samele Return) = (Sample Return Earth Astero 
Near-Earth Objects 7 nase anand : 
Extended Staging Post for Crew 


al Duration A. 
Lunar Vicinity Cr to Lunar Surface 
ew Potemtial Commercial Opportunmes 
Missions 


@e00 0 © © @ ® 8 A---- 
LADEE Luna 25 Luna 26 Lunt 27 RESOLVE SELEME-2 Lume 28/29 SELENE-3 Humans to Lunar Surface 


Sustainable Human 
Missions to the 


Multi-Destination | —_— ae 
. ' ' Small Human ' 
Transportation an E an initial Cargo Surface n 
Capabilities P | 3 on r Daily Lander Mobility ° 
(Planned and Conceptual) be yy ® bs es fT 
_ 2. % Evolvabs ~ ve Me 
Orion Russian Advanced Deep Space Orion Crewed Orion 
icon indicites frst use opportunity. & Piloted Electric Habitat & SiS Lurar &Sis 
Commercisiinsiftutiona launchers notshown SLS System Propulsion (Upgrade) Lander (Upgrade) 


8,000 miles 


{__s 


Low Earth Orbit (LEO) 


250 miles 


" : oan . . 
° Continue: ISS t 1rol igh, RS 2028: 

cus on research 4 ‘eine ir gasia ‘test bed fot exploration 
¢ Enga | mercial indus ry to servic 
C « and Orbital < Sc lence: 
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Asteroid Redirect Mission ~~ ~ - ; ie wax * 


- Asteroid Redirect Return Mission (ARCM)». 


- Asteroid Redircet Crew Mission (ARRM) AP 


Possible Lunar orbit or use of L2 oe 


(Lagrange point) 3S —_ 
STei[=]alexom ere) |(-re1t(e] alm ice)aame(=1~] ees) er-(er- mele) (-1e1! @ > Va, 
Exploration System Technology |: 
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Cise Lunar Missions? 


am | ar= lame) ae)lijareme)ereyess)| 
— Possible use of L2 (Lagrange 
exe) iai9) 
— Science collection from deep 
space 
— Exploration System Technology 
Demonstration 
¢ Lunar Base 
— Science collection 
same =>,4)(01e-11(0]e)451(>] 001s om K=(eral ale) (ele hy 
Demonstration 
— Surface Habitat, Lander and 
Walking suit test bed for Mars 


Mars Orbital Mission- Phobos (Mars Moon) ey 
¢ Possible first trip to Mars 
a K-Teialate)(ore \Yarer=|emale)mr-tome)(6| 
ma £010) ie) mere) aler=) 6) mie) au e)areme-lalel~ 
mission 

Wile] goMerels| m= litcreyihis 
¢ Worth the trip?? 
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Human Mars Mission =~. 


2-3 Year Mission 


Large technology gap exists 
— Both for Humans and Systems 
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Other Proposed Explora tion i Missions: * 
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Red Dragon 


Red Dragon Is a proposed 
Ulalantclalatsre ie) ey-\ex>>,@n BD) gle [e)ammer-| e101 (om (0) 9 
Ko) WYerexey) mm \V/ = lesmm clare (cle 


Missions to be launched using Falcon 
Heavy rocket(s) 


These Mars missions will also be 
pathfinders for the much larger SpaceX 
WWiFelasmere) (e)alyz-litelam-lcevalitcreilUla-mlar-tmUI1 
be announced in September 2016 


Certain level of engagement with NASA 
via Space pate, Agreement 
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Mars One - One way trip to mars oO acaae Pe 48 | Wasa * 


NW/FeVesu @lalomiswr-lame)aet-lalrZ-liveyal 
based in the Netherlands 


a 0) 0Le)<x-1o mem t-lalomial-Milesyt 
alulaarclatsmelam\Vtclesmclalemsssir-le)iisia 
rem ol=1annr-lalcvalmaloiear-lamexe)(e)ahy 
there by 2027 
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astronauts in 2016 


INVANS Ya sam ae) mlanvdelhVccvem lamialts 
fe) ce) (=xe41 


oe ae * ep @. 


So what does it oe to , explore Deep ~ 


Space? Pm a 
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S] oF: (or- i => 4ellole-iilela Challenges... nae “ ae 7 “Nasa “ 


¢ Who would you need on a deep space 
Anlisysyie) ata 


Standard for LEO today 


Pilot 
Scientist 
Engineer 


Required Systems Experts for ~ 
Exploration Missions 


Propulsion | 
Navigation ° 
@o)aalaalelaycerjareye 
Environmental (Plumber, AC, 
(=to]9) 

Power 

Stowage/Inventory 


e Other crew, required? _ 


BY =) 0) 0 (5 ae 


DYeyeine)s 


Psychologist » 
Geologist. 
IT/Computer= 
Machinist = 
Handyman | 
Sheriff ; 
Judge/Lawyer 


Space Exploration Challenges... - Rees ‘vasa “ 


on ©) OM aatetsts) 
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mace) elelisiie)al 
— Chemical, lon, Solar Electric 
¢ Environmental Systems 
san ©1(0):1-10 (010) OFM m= )IT- le) INVA (oe (Ul aler-Valeny 
¢ Automation 
— Self maintaining systems 
mtz(elr-lile)ameyali=v(ellare| 
— Crew and systems health 
a Oxo) anlanlelalier-ticela 
— Comm delays increase 
¢ Long Range Human Health Affects 


— Bone health, eye damage, long term 
Ieclellikelamy.<elessiulas 


Stowage/Logistics 
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Advanced In-Space Propulsion: This project develops concepts, technologies, and test methods for high- 
power electric propulsion and nuclear thermal propulsion systems to enable low-cost and rapid transport 
of cargo and crew beyond low Earth orbit. 


Autonomous Systems and Avionics: This project develops and demonstrates integrated autonomous 
systems capable of managing complex operations in space to reduce crew workload and dependence on 

@ support from Earth. Technologies will address operations in extreme environments, efficient ground-based 
and on-board avionics systems and operations, and cost-effective human-rated software development. 


Cryogenic Propellant Storage and Transfer: This project develops technologies to enable long-duration 
storage and in-space transfer of cryogenic propellants. Technology development includes active cooling of 
propellant tanks, advanced thermal insulation, measurement of propellant mass, liquid acquisition devices, 
and automated fluid couplings for propellant transfer between vehicles. 


Entry, Descent, and Landing (EDL) Technology: This project develops advanced thermal protection 
Mi system materials, aerothermodynamics modeling and analysis tools, and concepts for aerocapture and 
atmospheric entry systems for landing large payloads safely and precisely on extra-terrestrial surfaces and 
returning to Earth. 
Read about the Mars Science Laboratory Entry, Descent, and Landing Instrument (MED 


Extravehicular Activity Technology: This project develops component technologies for advanced space 
suits to enable humans to conduct "hands-on" surface exploration and in-space operations outside habitats 
and vehicles. Technology development includes portable life support systems, thermal control, power 
systems, communications, avionics, and information systems, and space suit materials. 


http://www.nasa.gov/exploration/technology/ 
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High-Efficiency Space Power Systems: This project develops technologies to provide low-cost, 
abundant power for deep-space missions, including advanced batteries and regenerative fuel cells for 
energy storage, power management and distribution, solar power generation, and nuclear power systems. 
A major focus will be on the demonstration of dual-use technologies for clean and renewable energy for 
terrestrial applications. 


Human Robotic Systems: This project develops advanced robotics technology to amplify human 
productivity and reduce mission risk by improving the effectiveness of human-robot teams. Key 
technologies include teleoperation, human-robot interaction, robotic assistance, and surface mobility 
systems for low-gravity environments. Early demonstrations will focus on human teams interacting with 
multiple robotic systems. Longer-term demonstrations will focus on enabling operations in remote, hostile 
environments with limited support from Earth. 

» About Robonaut, NASA's dexterous humanoid robot 


ay _—— In-Situ Resource Utilization: This project will enable sustainable human exploration by using local 
resources. Research activities are aimed at using lunar, asteroid, and Martian materials to produce oxygen 
and extract water from ice reservoirs. A flight experiment to demonstrate lunar resource prospecting, 
characterization, and extraction will be considered for testing on a future robotic precursor exploration 
mission. Concepts to produce fuel, oxygen, and water from the Martian atmosphere and from subsurface 
ice will also be explored. 
» About in-situ resource utilization (ISRU) field testing in Mauna Kea, Hawaii 


Life Support and Habitation Systems: This project develops technologies for highly reliable, closed- 
loop life support systems, radiation protection technology, environmental monitoring and control 
technologies, and technologies for fire safety to enable humans to live for long periods in deep-space 
environments. 


Lightweight Spacecraft Materials and Structures: This project develops advanced materials and 
structures technology to enable lightweight systems to reduce mission cost. Technology development 
activities focus on structural concepts and manufacturing processes for large composite structures and 
cryogenic propellant tanks for heavy lift launch vehicles, and on fabric materials and structural concepts 
for inflatable habitats. 


http://www.nasa.gov/exploration/technology/ 
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Questions? 


My favorite sites and links... © © = wax “* 
Heavens Above 
— http://heavens-above.com/ 
NASA Spinoffs 


— http://spinoff.nasa.gov/ 
Eyes on the Solar System 


— http://eyes.nasa.gov/ 
Youtube NASA Television 
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— ISS Tour by CDR/Suni Williams 


— http://www. youtube.com/watch?v=doN4t5NKW-k 
— Why Mars is Hard Stan Love 
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Perspectives 
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ISSLive 
— http://spacestationlive.jsc.nasa.gov/ 
Distance Learning Network 
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— Toolkit with Material and Templates: 
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JPL — Eyes on the Solar System nae 


EYES on the —~ > 
SOLAR SYSTEM™™ a 


Chandra } 
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Eyes on the Solar System 
http://eyes.nasa.gov 
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Perspective - 


Giant Earthworm 
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Dodo Bird 


vy _ A Beach ball 
Rafflesia 


Other languages 


Back 


ISSLive 


SSIES 


http://isslive.com 


Youtube — REELNASA Pes 


ReelNASA 


Reel NASA 


Science off the Sphere: Knitting Needle Experiment 


Reel NASA 


We Are the Explorers 
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http://spinoff.nasa.gov 
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‘Office of the Chief Technologist 


Value for NASA, Benefits for the Nation 


NASA Spinoff 


Connect with NASA Spinoff 
BLA 


Partnership with NASA 


What is NASA's Investment in America’s Future? 
» NASA Online Partnering Too! assy org adh aeration csi 
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Earn an Aerospace degree online at American Public Univ 


www.APUS.edu/Aerospace 
AdChoices [> 


Configuration 
Current observing Clear Lake, 33.0781°N, 96.4950°W 
select from map or from database or edit manually 
Registered user login | Why register? 
Create / user account 
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NASA DLN Website: 


SSeS. Sa. 


( ‘ ~ HOME NEWS MISSIONS MULTIMEDIA 
; ) 


ABOUT NASA 


ES s-:-: 


NASAHome > Education > Programs > DLN 


Digital Learning Network (DLN) # ° 


DLN Home ° 
About DLN 

Event Catalog 
PD & Special Events Welcome to NASA's DLN 


Event Guidelines 


NASA's Digital Learning Network™ provides science, technology, engineering, 


DLiNfo Channel and mathematics or STEM tent featuri 
Technical FAQ Sie 

5E Teaching Model 
Tools & Plugins \cy Follow us on Twitter! 
Contact Us i 


Ef Like us on Facebook! 


n n located in About DLN. DLiNtro wil 
Feedback Forms modules, and exp 


Search Event 


DLN User 
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USDLA Awards NASA's Digital Learning 


See the Space 


Station fly over Re 

YOUR home! e spaceflight.nasa.gov/realdata/sightings 

Use “Skywatch” 
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